The heuristic value of the ecological footprint (EF) conceptual device has met with considerable political and civic buy-in at national, regional and local levels. It is seen as particularly valuable for visualising ecological overshoot but debates about methodological soundness have undermined this potential. This paper examines the emerging opportunities for advanced footprinting approaches which use input-output analysis to test 'what if' policy scenarios and hence turn EF into a proactive driver for 2 sustainability-oriented policy development. It focuses on the London case and the specific arena of planning policy for sustainable construction.
Introduction
The ecological footprint (EF) is widely advocated as a policy tool for visualising and analysing the environmental impact and ultimately unsustainable nature of our social and economic activities. EF has proved as popular at the local level as at national and global levels, as papers published in this journal demonstrate (Wackernagel, 1998; Barrett and Scott, 2003; Wood and Lenzen, 2003; Aall and Norland, 2005) . However, there are debates about its value and the precise role that it can play in local policy for sustainability. In this paper, we consider the arguments for ecological footprinting as an awareness-raising tool and then move on to consider the role that it can play as a policy driver. We examine this by looking specifically at the context of London and the work of the Greater London Authority (GLA) in taking forward initiatives for sustainable construction. This example enables us to get beyond some of the simpler and narrower normative claims made for this policy tool to examine in detail how it can contribute to local sustainability policy development.
Raising awareness of sustainability limits and the limits to awareness-raising
Conceptually simple, the EF is the area of land needed to support current lifestyles (production, consumption and waste assimilation) permanently given prevailing technologies. It is a quantitative assessment of the extent to which human use of ecological systems is exceeding bio-capacity. The key relationship is that between current human lifestyles and the extent of ecological carrying capacity 'overshoot'.
Turning this around, an EF can also be used to assess how effective specific changes 4 in resource-consuming and waste-producing activities can be in reducing the degree of 'overshoot'. Two approaches to calculating EF have developed over time. The original compoundbased method devised by Wackernagel and Rees consists of aggregating the consumption of raw materials by accounting for the productive space of six major land types (fossil energy land, arable land, pasture, forest, built land and sea space) (cf. Barrett 2001; cf. Jorgenson 2003) . This approach considers the human demand on each of these land types for a given population, no matter where that land may be geographically speaking. This method is considered by some to be inclusive and robust (Chambers et al. 2000) . The primary unit of analysis is usually the nation state, wherein consumption is calculated in reference to trade flows and energy data.
The second, component-based method attempts to "retain the original philosophy behind footprinting" (Barrett, 2001, p.108) , but it converts the human demand on the six major land types into activities which resonate with people's daily lives. Thus instead of considering the consumption of raw materials from the ecosphere, this approach considers the effect of transport, energy and water consumption and waste production. Where possible, data is collected for the specific area or activity under study and then converted into land equivalents. This method can, therefore, be applied to investigations that wish to measure the impact of different lifestyles, organisations, sub-national regions, products and services. Simmons et al. (2000) terms this a 'bottom-up' analytical approach to the derivation of footprint values.
Proponents of EFs typically see them as a way to 'convince' political and economic leaders that "beyond reasonable doubt, the biophysical limits have been reached or exceeded" (Ferguson 1999, p. 153) . Walker and Rees (1997) argue that the EF "begs policy relevant questions of just how large our ecological deficit is, and what must be done to reduce it?" (p. 100). The ability of the EF to deliver this message effectively is seen as one of its great attractions (Wackernagel, 1998; Barrett and Scott, 2003; Aall and Norland, 2005) . Moffat suggests that:
If we are to actively engage in the process of making development sustainable we need to establish indicators so that we know if we are moving towards or away from a sustainable future. (Moffatt 2000, p. 361) EFs are such an indicator. Even for sceptics such as van Kooten and Bulte (2000) the EF is a success with regard to raising awareness. Similary, Monfreda et al. (2004) argue, by tracking the core requirements for 'strong' sustainability and identifying the priority areas for 'weak' sustainability, EFs increase the likelihood of some degree of political action. Some see a fundamental economic critique implicit in the EF and, therefore, consider its awareness-raising role to be potentially profoundly political. Rees (2003) sees EF as part of a paradigm shift from neo-classical to ecological economics, thereby redefining the 'environmental crisis' as a problem of 'human ecological dysfunction'.
According to Rees, "[t] his distinction is not a trivial one. The former term conceptually externalises the problem, effectively blaming it on a deficient environment that we then strive to 'fix'. By contrast, the latter term traces the problem to its source: humans, their behaviour and their institutions" (2003, p. 38) . By using EF as an awareness-raising tool there is an implicit critique of neo-classical economic 6 models of economy-environment relationships. Herendeen (2000, p. 357) further argues that the EF is a useful indicator of the indirect environmental effects of our dependence on imports and exports, and hence implies a critique of current trade relations.
This awareness-raising role has also been applied at the urban level. The 'city', in fact, played a primary role in the development of the EF concept. In Our Ecological Footprint (1996) , Wackernagel and Rees presented a mental experiment to help readers conceptualise the implications of living beyond our biophysical limits, wherein they were asked to imagine a city enclosed in an expandable glass or plastic hemisphere that let in light but prevented material inputs or outputs. The authors asked: "how large would the hemisphere have to become before the city at its centre could sustain itself indefinitely and exclusively on the land and water ecosystems and the energy resources contained within the capsule?" (p. 10). Their original development of the EF was intended to conceptually and spatially redefine cities as urban ecosystems, crucially dependent on the life-support functions of natural ecosystems beyond their borders. Thinking about cities as ecosystems with an internal metabolism helps demonstrate that human enterprise, if left unchecked, could overtake the biophysical capacity of the ecosphere to support current (and even significantly reduced) human industrial metabolism, let alone our species' own biological metabolism (Rees 1997) .
However the ability of the EF to be convincing in this role has been undermined by debates and critiques, focusing on its simplicity and methodology (summarised in (Rees 2000, p. 373) . Costanza located the 'power' of the EF in its aggregation and conversion of typically complex resource use patterns into a single number (2000, p. 342) . But simplicity is also a major weakness cited by EF sceptics, who suggest that the conceptual tool oversimplifies the relationship between nature and society. For Van Kooten and Bulte, the EF may be a dangerous policy tool because the methods of aggregating data and other assumptions about substitutions can lead to false conclusions about local, regional and global sustainability: "wrongheaded policies could lead society down an unsustainable path where it was on a sustainable one previously" (2000, p. 388) . Another aspect of this simplicity is, some argue, that the ecological footprint cannot take into account technological change or the adaptability of social systems: "The ecological footprint produces static estimates whereas nature and the economy are dynamic systems" (Rees 2000, p.373) . Rees accepts that the EF is not a dynamic form of modelling, that it cannot make detailed forecasts and that prediction was never its intent.
[insert Table 1 about here] Perhaps the methodological debates about EFs are more undermining of its polemical role. Such debate abounds in the literature. They tend to revolve around 'what gets counted', 'why or why not', and 'who says so' and concerns over data availability and quality. While the component-based method demonstrates considerable flexibility in its application, it is said to be more sensitive to variations in the data used.
Meanwhile, the component approach suffers from problems of data variability and reliability. Data on a life-cycle basis is a pre-requisite for the component footprint but, as Chambers et al. (2000) explain, this is often not available and proxy data and assumptions about activities and resource use are needed. But then, as Simmons et al. (2000) explain, complete information on material flows and energy usage, as required by the compound approach, is rarely available either. Compound analysis also often needs to rely on the application of proxy measures or indicators to represent variations in some aspects of regional or local consumption and the substitution of proxies can result in higher margins of error, thus in Simmons et al.'s (2000) opinion "offsetting one of the main benefits of the compound approach" (p. 378).
However, very few contributors to these methodological debates appreciate the implications of such controversies for the policy role of EF. While proponents of EF argue that it "forces the analysts both to explore critical issues and impacts that have been ignored to date and to declare their judgments and values in reflecting upon and deciding on the new trade offs revealed in making their policy and development decision" (Wackernagel and Rees 1996, p. 110) , policy actors are reluctant to rely on a concept that can be so readily unpicked in terms of its basic methods and where there is not an accepted standard of calculation. Collectively such critiques have led to an air of scepticism amongst researchers and policy makers over the value or suitability of the EF as a sustainability tool. Van den Bergh and Verbruggen's (1999) commentary on the value of EF as a planning tool underscores this scepticism: A study of the policy and educational applications of the EF undertaken by SEI (see found that of over 100 local authorities interviewed in UK and across Europe, most reported that it "was difficult to identify concrete policy outcomes as a result of the EF study" (p. 15). The political awareness that the EF tool enabled in these local contexts supported (as opposed to resulted in) the development of a range of environmental initiatives (e.g. fair trade policies, green procurement policies, green transport plans etc.).
This raises the question of how EF applications can be developed in a more fruitful direction. One significant attempt to overcome these problems of EF analysis involves developments based on input-output analysis. This builds on the potential of the component approach for exploring the impact of individuals' and organisations' decisions through scenarios by "manipulating and evaluating the various components" (Simmons et al. 2000, p. 379) , but uses advanced input-output methods to take this further; (see Wood and Lenzen 2003 for a technical paper on using input-output analysis). This, according to Wiedmann et al. (2005) extends the potential for applications of the EF concept to inform scenarios, policies and strategies on sustainable consumption. The hope here is that such developments can resolve the data issues, establish a common standard for EF calculations and enable policy development, going beyond simple awareness raising. Econometrics. REAP is a software package designed to provide all UK local authorities (among others) with a uniform methodology for material flow analysis and EF assessment initially using national statistics. Integrated resource-environment modelling lies at the core of REAP and this allows for policy scenarios to be developed and evaluated (SEI 2004, p. 2) . The claim is that REAP allows local decision-makers to make day-to-day adjustments to the model based on preference changes or efficiency requirement changes and they can explore scenarios generated in relation to: population and demand technology and production; productivity and eco-efficiency; and environmental management. This entails the direct input by the user of parameters related to policy, markets, technology and consumption, in general.
On this basis, argue that the EF is a tool that can be used to "inform policy makers on the impacts of the different policy options that they are considering and in turn can direct the derivation of a range of policy options leading towards the development of a comprehensive sustainable development strategy" (p.15). This takes it well beyond awareness-raising. To explore these claims and discuss the potential for EF to play a more proactive role in driving policy development, we examine a London case study, commenting on the application of a REAP analysis to drive the development of local planning policy on a specific policy issue (in this case sustainable construction). The next section outlines the current use 11 of EF in the London context before going on to consider the value of a REAP analysis.
London, ecological footprints and planning for sustainability
London is an interesting case for considering the value of EF as a policy driver for a number of reasons. It is a major world city generating a considerable environmental burden, which it is worthwhile quantifying. The metro-level local authority for London -the Greater London Authority led by the elected Mayor for London under the scrutiny of the elected members of the London Assembly -has made sustainable development an overarching policy principle. While the story of establishing sustainable development principles for the GLA in the early days proved problematic (Rydin et al. 2004) , there is no doubt that sustainability is now regarded as a significant policy objective within the authority. The London Plan (the spatial development strategy for the city) sets out a vision of a sustainable London, with detailed sustainable criteria in Policy 2A.1 (GLA 2005) , supported by a number of environmental strategies -energy, air quality, biodiversity and waste -and there is reference to sustainable development in the other strategies, such as that for local economic development, as well.
Use has already been made of EF in London. Girardet's (1992) This has given rise to further consideration of whether the City Limits type of analysis is best suited to documenting the EF for London. GLA Economics commissioned a report to examine its value (2003) . This concluded that EF could be a powerful tool if it could be shown to be both reliable and practical, but it was deemed to be neither. There were particular concerns over comparability over time, over treatment of the service sector and of the activities of London commuters. More recently, London First i and London Remade ii recalculated the EF of London largely using the compound-based approach (London Remade, 2005) . This process endeavoured to identify specific practical steps that local government, residents, and businesses in particular could take to reduce the EF of the city and published reports identifying key 'impact areas' at three levels -the development site, the company, and an eco-site.
Related work is being undertaken by Bioregional iii as part of its One Planet campaign,
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where individual communities are encouraged to reduce their EF from the current two to three planet's worth to one planet's worth.
In a context of four alternative EFs for the city, three quite recent, all calculated in different ways and oriented in slightly different directions with regard to policy, this raises the question of how this policy tool can influence policy development in London. We would argue that a more focused approach is needed if policy is to be assisted by the EF approach. This involves taking a more specific policy for analysis.
The rest of this paper demonstrates this approach through consideration of London's planning policy for promoting sustainable construction and showing how a REAP analysis could evaluate this policy.
Footprinting London's policy for promoting sustainable construction
The promotion of sustainable construction patterns is a key policy objective of the Mayor and the GLA. This follows recognition of the environmental impact of construction, both as a production process in its own right and as creating the built context for all human activity with its consequent environmental impacts. The energy implications of construction and building design are particularly important. In 1999,
Rees reported that buildings accounted for 40% of the materials and about a third of the energy consumed by the world economy (1999, p. 206 Nye and Rydin (2006) . The methodology adopted was as follows.
Stage One involved developing a benchmark scenario for the existing situation with regard to residential construction in London. Stage Two took the key policy documents emanating from the GLA to develop scenarios for the implementation of sustainable construction planning policy; in this case, the draft Supplementary Planning Guidance (the final version not having been issued at the time of analysis) was further defined through the development checklist being developed. The draft SPG set out standards for sustainable construction under a number of parameters (use of renewable energy, for example) and also includes a more stringent preferred standard, which the Mayor does not have the power to impose but would like to see achieved. Three scenarios were thus developed: a baseline and two possible futures arising from the implementation of the planning policy. REAP was then used to analyse and compare these scenarios (although the emphasis was on the best-case scenario of achieving preferred standards).
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The first point to make about such an analysis is that it does not generate the headlinegrabbing figures that would support effective awareness-raising among politicians or within society at large. Applying a REAP analysis to a full range of those standards in the GLA's draft SPG that could be evaluated using this tool, this suggests a best case savings of 0.5912 gh/cap against the baseline for new housebuilding over the London Plan period, amounting to 38%. However this is not a 38% saving on the EF for London as a whole. Implementing sustainable construction measures will make only a limited contribution to reducing the total EF for London. This can also be deduced from analyses using 'older' EF methods. The City Limits analysis included construction materials within its materials and waste footprint and concluded that, at 27.8 m tonnes p.a., the construction sector consumed the most materials and produced the most waste (BBF 2002: 8) . However, while construction materials accounted for 66% of tonnes consumed, it only represented 5% of the materials and waste footprint (p. 22). In a Swedish case, Haraldson et al. (2001) devised an EF (again using noninput-output measures) for the energy and materials required to construct a house.
These elements were less than 5% of the total EF for the broader urban settlement, since household food and other energy consumption dominated the calculation.
Other REAP analyses also make this point. For example, in a study undertaken of the EF of Wales (WWF, 2005b) it was shown that more sustainable construction standards could produce a potential reduction of over 80% in the EF associated with new homes built in Wales but the overall effect on the Welsh EF would be less than a 2% reduction. In another example, a REAP analysis of the Thames Gateway development plans (WWF, 2003) showed that improving construction standards for the 200,000 new dwellings planned for this area to the east of London could result in a 32% reduction in CO 2 emissions and 39% reduction in water use for 'Very Good' EcoHomes standards. If the standards were further pushed to the current best practice standard demonstrated in the south London BedZED development, there could be a 99% reduction in CO 2 emissions and 65% reduction in water use. But again the related reductions in the total EF would be only 4% for the EcoHomes standard.
The value of applying an EF calculation in this way is that it demonstrates that change is possible through new planning policies and further that it allows a detailed examination of each element of a policy scenario to see how they contribute to the overall change in EF. It is through the disaggregation of the overall figure that more detailed guidance to policy makers can be achieved. In relation to photovoltaic cells (PVCs), the draft SPG requires that developments not initialling incorporating PVCs should be able to support them if fitted at a later date.
Studies of PVC use in climates similar to London suggest that 20% decrease in electric use is a likely outcome (Berger, 1997 where the priority within sustainable construction policy should be placed.
There are some caveats that should be mentioned. EF is only a partial take on environmental sustainability; while it does consider water consumption it may not fully reflect the importance of local water security in the weighting that it gives this 
Conclusion -getting beyond the metaphor
Despite advances in the methodological and conceptual structuring of the EF approach, the early limitations of its framing still linger and hamper its widespread acceptance. Policy experience with the cruder forms of calculation and methodological disputes have undermined the value of EFs in terms of awareness raising, while it is difficult to find examples where the publication of an EF has actually resulted in changed policy direction. Yet there is considerable potential for input-output variants of EF analysis to provide detailed examination of the likely environmental mitigation associated with a specific policy measure.
This paper has sought to demonstrate this potential using the example of a single local policy issue, sustainable construction. It has showed how the 'snapshot' of London's current EF, together with projected scenarios for zero or low-energy development in the near future can be used to prioritise and develop policies which promote the construction best practices which are indeed the most sustainable for London. The prerequisites for such an approach can be summarised as follows:
 A completely specified policy with sufficient detail to be able to develop scenarios for the situation where the policy is implemented;
 The availability of data or, failing that, robust assumptions in order to draw up scenarios for the baseline situation and the situation associated with policy implementation; and  The use of an interactive input-output tool with scope for sufficient disaggregation to match the different elements of the scenarios.
Given these conditions, it would be possible to calculate the change in EF resulting from the implementation of the policy.
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It may well be that the overall change may not be hugely significant. However, such a disaggregated approach still allows the relative importance of the different elements of the policy to be considered and thus priorities for policy implementation identified. This is the particular benefit of using EFs in this way to shape and develop policy. In developing this argument, we hope to have emphasised the need to look beyond the aggregate indicator of the EF as a visual metaphor lauded for its ability to raise public and political awareness of ecological overshoot. Rather we hope to have illustrated how a more nuanced application can aid detailed policy work, prioritising effort for sustainable development. In this way the EF can fulfil Barrett's hopes that -despite its inability to include every ecological system and human impact in its calculation -it nonetheless can provide a heuristic tool that builds on present knowledge and stimulates future-oriented thinking (Barrett 2001, p.117) . Has an anti-trade bias that suggests ecological autarky is desirable Is consistent with the basic laws of thermodynamics Does not address human well-being or quality of life and thus only a partial indicator of sustainable development i London First is a business membership group supported by 300 of the capital's leading businesses with the stated shared objective of 'improving and promoting London.' http://www.london-first.co.uk ii London Remade is a recycling programme aimed at increasing markets for recycled products and driving the development of an entrepreneurial recycling supply chain. The programme is based on a partnership between the business community, public and not-for-profit sectors. According to its website, London Remade "uses recycling as a vehicle to drive economic and social regeneration and is principally funded by the London Development Agency to deliver green procurement and business support programmes." http://www.londonremade.com iii Bioregional is a charity with 6 spin-off companies, who campaign on a range of environmental issues and were partners in the pioneering BedZed development undertaken by the Peabody Trust. http://www.bioregional.com
